Respiratory diseases such as asthma and rhinitis are multifaceted disorders which are exacerbated by various factors including: gender, age, diet, genetic background, biological materials, allergens (pollen and spores), pollutants, meteorological conditions and dust particles. It is hypothesized that, the number of valid physician diagnosed cases of paediatric asthma, which has resulted in emergency room visits in Trinidad can be expressed as a function of the magnitude of pollen counts, particulate matter (PM10), and selected meteorological parameters. These parameters were used to develop a 7-day predictive model for paediatric asthma admittance. The data showed no obvious, strong correlations between paediatric asthma admissions and dust concentrations, and paediatric asthma admissions and pollen concentrations, when considered in isolation or in a linear fashion. However, using polynomial regression analysis, which looked at combinations of interactions, a strong 7-day predictive model for paediatric asthma admissions, was developed. The model was tested against actual data collated during the study period and showed a strong correlation (R 2 = 0.85) between the regression model and the actual admissions data.
Introduction
Respiratory diseases such as asthma and rhinitis are multifaceted disorders that are exacerbated by interactions between several intrinsic and extrinsic factors. Intrinsic factors include: gender, age, diet, and genetic background, while extrinsic factors include exposure to environmental triggers such as: biological materials or allergens (pollen, and spores), air pollutants, meteorological conditions, dust particles and tobacco smoke [1] [2] .
The prevalence of asthma in the Caribbean has reached epidemic levels, affecting as much as 30% of the population of some countries [3] . Increased incidence of asthma has been reported in Trinidad and Tobago [4] and Barbados [5] - [7] , with a high prevalence of asthmatic symptoms among primary and secondary school students (13% -25%) [5] [6] and rhinitis in more than 30% of the student population [4] [8] . This high prevalence is poorly understood, though it has been suggested that environmental factors may influence the development of allergic diseases in genetically predisposed individuals. Preliminary data from Trinidad have hinted at a higher prevalence among students attending schools in urban areas [4] , which can be linked to deteriorating air quality in heavily trafficked urban areas [9] .
Various studies have suggested that the prevalence of Saharan Dust and certain meteorological parameters, together with biological materials such as pollen and microorganisms may be major contributing factors to increased incidences of asthma [10] - [12] .
Meteorological conditions may also contribute to the effect of aeroallergens on health with the abundance and specific types of spores and pollen differing according to meteorological conditions [2] . Moreno-Grau et al. (2000) [13] reported that high temperature, increased wind speed and more sunshine increase pollen release and dispersion, while high humidity decreases pollen counts. In Trinidad, Ivey et al. (2003) [12] also reported that asthma admissions increased during the rainy season (June to December).
Although previous studies noted that atmospheric pollen concentration is reduced by precipitation, it was suggested that the increase in the admissions of asthma patients recorded during these wetter periods may be attributed to increased precipitation leading to hydration and subsequent rupturing of pollen grains. Airborne pollen itself can aggravate and exacerbate asthma and other respiratory diseases through the inhalation of the cytoplasm fragments which are released when the pollen grains become hydrated and rupture [14] - [20] .
Regression models based on meteorological factors and dust as the predicators have been previously proposed for paediatric asthma. However, the predictability of these models based on R-squared values is generally low, averaging about 20 percent. This low predictability may be due to the influence of other factors such as environmental pollution, socioeconomic factors, genetic predisposition, pollen, and indoor pollutants such as dust mites and molds [1] [21] . In addition, the models proposed have focused on temperate areas and no models have yet been proposed for tropical regions. This study was therefore designed to examine the hypothesis that the number of cases of paediatric asthma in Trinidad is some function of the magnitude of local pollen counts, dust (particulate matter 10 microns in diameter or less), and meteorological parameters. The model proposed in this study focused on some of the triggers known to influence asthma in the Caribbean.
Methods
Pollen samples were collected daily using a Burkard 7 Day Recording Volumetric Spore Sampler (Burkard Manufacturing Co., Rickmansworth, Hertfordshire, England) at St.
Augustine and at a reference site on the east coast of Trinidad between March 2006 and November 2007 (Figure 1 ). Samples were collected 20 m above ground, with an air intake rate of 10 L/min, and within an arc from North East to South East, which represented the general wind direction for about 75% of the year [22] [23] . Melinex tape coated with silicone grease was used to trap pollen on the rotating drum of the Burkard sampler. After seven days, the tape was removed and segmented so that daily pollen counts could be made. Each section was mounted on a glass slide and Calberla's Stain was added, which is specific for staining pollen exine [22] . Pollen grains were Figure 1 . Pollen, Dust, Paediatric asthma admissions and meteorological data sample sites. counted using a twelve transverse strip counting method, and pollen density was recorded as pollen grains/m 3 /day [23] . Meteorological data (rainfall, relative humidity, temperature, and barometric pressure) were provided by the Trinidad and Tobago Me- 
Data Analysis
Paediatric asthma admissions, pollen, meteorological variables, and dust (PM10) were analyzed using the SYSTAT statistical package (version 12). Correlation analyses and time series plots were done to observe trends and relationships between the variables during the study period. Analyses of paediatric asthma admissions were conducted using the total data set, which was disaggregated by age group, sex, area, time of admission, and season. The combined effects of pollen, PM10, and meteorological predictors were examined using multiple regression analysis [24] - [26] . The model used was a seven-factor polynomial: included in the regression analysis were day of year and a three day moving average of asthma admissions [27] . Since predicator variables can be extensive and vary between patients, the forecast model focused on a few of the important, measurable predictors.
Individual data points were used to fit the model, by the polynomial regression procedure in the General Linear Model (GLM) module of the SYSTAT statistical package [28] . Checks were made for multicollinearity and residuals were examined for violations of the assumption of homogeneity of variances.
Results and Discussion
The association between meteorological variables, dust and airborne pollen concentrations and respiratory disorders such as asthma, can help to effectively manage the dis- decrease as rainfall and relative humidity increases [13] [36] [37] . During the wet season in Trinidad, there are occasional dry periods which may encourage anthesis of pollen. During these dry spells pollen may be released and remain suspended in raising warm air. As the air cools, the suspended pollen becomes grounded, increasing chances of exposure in persons predisposed to respiratory ailments.
Cecropia sp pollen was observed throughout the entire sample period and concentrations increased during the months which showed higher than normal total pollen counts (July -November). The correlation between pollen concentration at the St. Au- Wind direction varied from the northeast to the southeast for more than 90% of the study period, and wind speed ranged between 1 to 13 km/h. Mean daily temperatures ranged from 25˚C to 29˚C, humidity from 60% to 97%, and barometric pressure from 1008 to 1017 mmHg. There was a low positive correlation between dust levels and meteorological parameters such as barometric pressure (R 2 = 0.02) and temperature (R 2 = 0.3). However, for humidity (R 2 = −0.37) and rain fall (R 2 = −0.11) there was a negative correlation, suggesting that both of these reduced the level of dust in the atmosphere.
Weak positive correlations were also observed for other parameters including: wind speed (R 2 = 0.18), maximum temperature (R 2 = 0.19) and minimum temperature (R 2 =
0.19).
A total of 87,116 paediatric patients were admitted to the Eric Williams Medical Sciences Complex during the study period, about 9% of these were paediatric asthma A time series plot by day for the relationship between pollen concentrations and paediatric asthma admissions is shown in Figure 5 . It is evident that a short lag exists between the peak pollen concentration and peak asthma admissions. Further examination of the dust levels, local pollen concentration, and paediatric asthma admittance data, This lag may also be due to other factors such as social, economic, or personal choices.
During October to December, there appeared to be a reduction in the lag period to between 1 and 4 days, which may be related to the higher levels of pollen detected during this period, and its interaction with the meteorological factors including rain fall, humidity, temperature and barometric pressure. This study reports a complex linear and quadratic interaction, between paediatric asthma admissions and various predictor variables including pollen, dust concentrations, and meteorological factors.
Regression Model for Paediatric Asthma Admissions
Asthma admittance (seven day moving average) was represented as a quadratic function of pollen counts, dust, temperature difference, minimum temperature, wind speed, A three day moving average was used to accommodate a lag in admissions. A three day moving average was also included as a predictor variable on the assumption that the effect on paediatric asthma admissions on the seven day moving average would be an additive effect on present paediatric asthma occurrence. This is because persons would take some time to exhibit symptoms after exposure to the antigen, and also the decision to be admitted to hospital would be after the person was perceived to be ill enough to require emergency treatment. The combinations of interactions used in the
Stepwise Multiple Regression included the following (Equation (1) (1)
The model derived (Table 1 & Table 2 ) is given by Equation ( The model was tested against the actual data collated during the study period and showed a strong correlation (R 2 = 0.85) between the regression model and the actual admissions data (Figure 6 ).
Regression Model for Inland Pollen
In the formulation of a regression model for pollen concentration, the three day moving average was also included as a predictor variable on the assumption that the seven day moving average of pollen concentration in the atmosphere would be an additive effect of present pollen concentrations in addition to it being a function of other factors.
The combinations of interactions used included pollen concentration with a moving average of three days as well as linear and quadratic combinations of meteorological variables derived from the literature. A three day moving average was used to accommodate a lag in pollen concentrations in the atmosphere because there would be a time delay between anthesis, and the effect of the meteorological variables, on the pollen The regression models developed for paediatric asthma and pollen concentration were designed to forecast future levels of both atmospheric pollen concentrations and paediatric asthma admissions. The variables selected for the forecast models are consistent with triggers responsible for exacerbating paediatric asthma [12] . High temperature and wind could increase concentrations of atmospheric pollen, because temperature affects the dehiscence of the anthers, and wind aids in the dispersal of the pollen.
Wind is also an important contributor to increased asthma admissions as it aids in the are consistent with literature that shows that temperature and wind play a key role in the release of pollen. Temperature is related to the anther dehiscence which expels pollen into the atmosphere. Wind is an important mechanism for the pollen to be wafted from the anther into the atmosphere [16] . Paediatric asthma also seems to be influenced by age and gender, with the highest incidences in the early paediatric years followed by a linear decrease with age in both males and females. Males also had a higher admittance rate than females, which is consistent with previous work in Trinidad [11] . It was also interesting to note that peak admissions occurred during the time period from 6 am to 12 noon followed by the period from 6 pm to 12 midnight. Admittance to hospital is a function of a number of factors including locality, severity of the attack, convenience, and time of day. These, together with the time taken for symptoms to become apparent, contribute to the lag period between a peak event and peak admissions. Peak paediatric asthma admittance was highest during September to November, which was also consistent with data from Monteil et al. (2000) [41] . They noted that apart from the association between dust level and asthma admissions, there were increases in asthma admissions during the non Saharan dust periods of the year, specifically in the latter part of the year during September to December. They also suggested it is likely that Saharan Dust cover does not have a role in this large increase in asthma admittance. This unexplained peak in asthma reported by Monteil et al. (2000) [41] which occur during September to November corresponds to the peak in pollen levels during the wet season from June to December.
This, together with the thresholds observed and the lag period discussed earlier, suggest that local pollen levels play a role in the exacerbation of paediatric asthma symptoms during September to November. Paediatric asthma admissions also showed a sharp increase during December to January, April to May, and August to September. December, April and August are periods of vacation from school for children. Schools reopen in the months of January, late April/early May and September respectively. This suggests that the spikes observed in paediatric asthma admissions, apart from being influenced by the environment, also have a social component. Chavarria (2001) [42] also reported an increase in asthma admissions in Costa Rica in March and August imme-diately after children returned to school. They suggested that students are more exposed to viral illnesses when in contact with larger student populations, and therefore viral illnesses, which may act as an asthmatic trigger, increase at the start of the new school term, and consequently asthma admissions also increase. The impact of stress on asthmatic patients may also be associated with increases in asthma admittance. As the new school term begins, children are placed under higher levels of stress, which may act as a further trigger for asthma symptoms. This suggestion requires further study to accurately interpret these trends.
Conclusion
The predictors in the forecast models are consistent with the literature which shows that dust pollen and meteorological factors play a role in exacerbating paediatric asthma. The model suggests that parameters such as wind speed, barometric pressure and relative humidity, may result in higher airborne concentrations and dispersal of irritants such as pollen and dust which can further exacerbate asthma. Furthermore, asthma studies cannot focus on a single trigger, but rather take into consideration the interactions between multiple parameters.
